Abstract -This paper considers the mathematical model of an induction unit equipped with a MHD-rotator, in relation to which some mathematical research has been completed. The authors have obtained differential and integral electromagnetic properties based on the operation parameters and modes. The rotary motion of the melt in the channel part will allow using the induction unit as a refining machine.
I. INTRODUCTION
HEAP ELECTRECITY in the Eastern Siberia has contributed to the establishment of strong production facilities of both primary aluminium and aluminium-based alloys in the specified region. The foundry melting production of aluminium alloys widely employs a variety of electrically operated technologies. The induction channel and crucible furnaces are used to melt and prepare aluminum alloys. The use of induction heating offers specific advantages listed below [1]: high quality of heating due to the high speed of the process; non-polluting process; ability to reach any temperatures; ability to deliver precise dosage of heat; reduced environmental impact; and improved working conditions for the staff.
An induction channel furnace is an electrical furnace in which the electric energy is transformed into the heat energy in inductions units (an electromagnetic system consisting of an inductor, a core, and one or more channels). The induction unit's principle of operation is similar to a single phase transformer working in a shortcircuit mode. The channel part is a single-turn secondary coil and is filled with liquid metal. The presence of large stray magnetic fields in the channels area allows obtaining effective rotational movement of melt in them through the use of simple magnetic and dynamical (MHD) rotators [2] . The induction unit with MHD-rotators for the melt in the channel part allows to simultaneously activate the interaction of refining gases with the melt and heat the melt to the required temperature before actual casting [3] . Fig. 1 shows the sectional view of the refining unit of aluminum alloys on the basis of induction unit with MHDrotators. Inductor core 1 is made of electrical steel sheets, coil 2 (primary coil of the transformer) and additional coil of MHD-rotator 4 are wound around it. Channel part 3 with liquid metal covers the core rod with coils and forms the secondary coil of the transformer. To fill the refining gas the design includes the pipe with cones disks 5 in the left longitudinal channel. The electric current in the channel part is closed via the electrically conductive partition 7 that forces the liquid metal to flow from input 8 to output 9 through the whole channel part, while actively interacting with the refining gas. Ceramic foam filter 6 is mounted at the output of the channel part, which enables cleaning the liquid metal from non-metallic inclusions and stabilize the surface of the melt. The liquid metal flow is shown with arrows. Power applied to the coil of MHD-rotator causes the rotary motion of the liquid metal in the longitudinal channels. Refining gas (inert or active) is injected through the pipe 5 due to rotational movement and is dispersed into fine particles. Conic disks set on pipe 5 create conditions for more efficient treatment of the melt with the refining gas in the channel part. The inductor and MHD-rotator coils enable to split and separately control over the processes of melt heating and treatment during casting [3] .
In this paper, the analysis of the electromagnetic properties of induction unit with MHD-rotators will be completed and its parameters of electric scheme replacement will be defined. The design model is built subject to the following assumptions:
• the magnetic core of an inductor is cylindrical; the inner surface radius is adopted as R, its magnetic permeability is μ = ∞ ;and electrical conductivity is 0 γ = ;
• the dimensions along the channel axis (z axis) are adopted as infinitely large; • liquid metal (melt) rotates in the channel of radius r as an absolutely solid body with an angular velocity .
III. THEORY
A. Electromagnetic field equations and boundary conditions.
In the cylindrical coordinate system, the complex strengths of electric and magnetic fields in the design models comprises as follows: E E ρ ρ ρ ρ φ
Below are the functions found on the surface of magnetic core ( =R) and channel surface ( =r):
(5) The relation of the strengths of electric and magnetic fields are derived from the Maxwell equations ρ ωμ
B. Solving electromagnetic field equations.
Let us find the solutions of the equations (1) and (2) in the Fourier series representation
where
Having transposed (1) and (2) in compliance with (7) and (8) the following results are obtained: 
at n 0 (3) to (5) shall also be transposed in line with (7) and (8).
Having defined the constants of integration and put them in (11) - (14), it takes the form
In result will takes the form 
C. Differential and integral properties.
The current density in the channel is determined by Ohm's law in the differential form
The addend in (16) is the strength of the electrical field caused by the melt rotation in a magnetic field with angular velocity .
In compliance with (6), we define 1 H ρ having input it in (15) and (16), it will take the form Here, the current density is presented in the form of two components 0 δ and n δ . Value 0 δ is caused by the main magnetic flow closed in the inductor magnetic core. Value n δ is an the eddy currents density induced in the channel by the stray flux. Dependence 0 ( ) δ ρ is an equivalent AC density distribution in a cylindrical conductor [6, 4] .
The current density is taken as the base quantity, which is the DC density in the channel parts 
The base electromagnetic moment is taken as value 
IV. CALCULATIONS RESULTS

A. Current density
For the sake of convenience of analysis over the current density distribution in the channel, let us superimpose the coordinate grid with a cross section of the channel, as shown in Fig.3 . The analysis of the results allows concluding that the rotational movement of the metal makes the distribution of current density in the channel more uniform.
B. Electromagnetic power and moment
An important feature of devices transforming electrical energy of a rotating body is a mechanical characteristic that represents the dependence of electromagnetic moment that rotates the body on the rotation speed.
The induction channel unit with additional coils is a twophase asymmetric asynchronous machine. An important feature of electric machines is a mechanical characteristic that represents the dependence of electromagnetic moment that rotates the body on the rotation speed. The relative electromagnetic moment that rotates the liquid metal in the channel is defined by the expression (24). 2 , 3ˆˆêm n P P P P = + + , where 0 P and ˆn P are active power generated by coil 1 (from zero to higher harmonics); 2,3 P -active power generated in coils 2,3. Value 0 P does not depend on and is numerically equal to the coefficient of active resistance increase with AC in the secluded cylindrical conductor. Fig. 9 is defined by the current in additional coils. Graphs shown in Fig. 9 are built at 2,3 0.2 J = . The presence of the electromagnetic moment in the induction unit of the channel can allow expecting the reduction in the rate of its clogging with oxides. Rotational motion can be used also for metal cleaning since the intensive rotation contributes to formation of nodular structures from oxides.
When the refining gas is injected into the channel part, the intensive melt rotation will contribute to gas splitting into small particles (dispersion) and active interaction with hydrogen present in the melt (degassing process).
Analytical dependences obtained for the differential and integral electromagnetic properties of induction units enable to control the rotation speed and heat liberation to the melt. 
